Experimental
Introduction
Trifluoperazine hydrochloride (TFPH), 10-[3-(4-methylpiperazin-1-yl)propyl]-2-(trifluoromethyl)-10H-phenothiazine hydrochloride ( Fig. 1) is a prominent compound in a large group of phenothiazine derivatives. Trifluoperazine (TFP) has central antiadrenergic, antidopaminergic, and minimal anticholinergic effects.
1 It is believed to work by blocking the postsynaptic D2 receptors in the mesocortical and mesolimbic pathways, and thus relieving or minimizing such symptoms of schizophrenia as hallucinations, delusions, and disorganized thought and speech. It is widely used to control some psychotic disturbances such as depression, agitation, anxiety, psychosis and acute confusional state. Different methods have been reported for the determination of TFP in products and biological samples such as high-performance liquid chromatography (HPLC), 2, 3 spectrophotometry, [4] [5] [6] fluorometry, 7 capillary electrophoresis, 8 and voltammetry. 9 However, many of these methods are complicated and time consuming, or require expensive equipment. Thus, there is a need for simple, low-cost, sensitive and rapid alternative methods for the determination of TFPH in pharmaceutical formulations.
Potentiometric sensors have proved to be effective for the analysis of pharmaceutical formulations, biological and food samples [10] [11] [12] [13] [14] [15] because these sensors offer great advantages, such as speed and ease of preparation and procedures, relatively short response times, reasonable selectivity, wide linear dynamic range and low-cost. A thorough literature survey has revealed that no potentiometric sensor for TFPH have been published to date. Therefore, the aim of this work was to develop polymeric ion selective sensors for TFPH determination in pharmaceutical formulations. If successful, the electrodes can also be applied for the dissolution profile studies. The membrane used in these electrodes was made from liquid-plasticized poly(vinyl chloride) (PVC) and was based on a water-insoluble trifluoperazinephosphotungstic acid (TFP-PTA) or trifluoperazinephosphomolybdic acid (TFP-PMA) or trifluoperazine-tetraphenyl borate (TFP-TPB) ion-pair complex as an ion-exchanger. The proposed methods are successfully applied for the determination of TFPH in some pharmaceutical formulations. Trifluoperazine is widely used in the treatment of psychotic patients for its neuroleptic and antidepressive action. In this study, the construction, evaluation and application of new potentiometric sensors for trifluoperazine hydrochloride (TFPH) are described. The sensing membranes incorporated either ion-pair complexes of the trifluoperazine cation and phosphotungstic acid (PTA) or phosphomolybdic acid (PMA) or sodium tetraphenyl borate (NaTPB) as electroactive materials in poly(vinyl chloride) matrix membrane. The plasticizers used were di-n-butyl phthalate (DBPH) and tri-n-butyl phosphate (TBP). After a series of experiments, the best electrodes were based on PTA or PMA as electroactive materials and DBPH as plasticizer. A linear concentration range between 1 × 10 -5 -1 × 10 -2 M with a near Nernstian slope of 28.43 and 32.11 mV decade -1 , respectively, was obtained. The electrodes were characterized in terms of the composition, usable pH range, life span and response time. The selectivity coefficient values were calculated for different inorganic cations and sugars. Validation of the method shows the suitability of the electrodes for the determination of TFPH in pharmaceutical formulations. phthalate (DBPH), tri-n-butyl phosphate (TBP), tetrahhydrofuran (THF) were obtained from Fluka AG, Switzerland. Sodium tetraphenyl borate (NaTPB) was obtained from BDH, England. Phosphotungstic acid (PTA) and phosphomolybdic acid (PMA) were obtained from Merck, Germany. TFPH standard was a gift from the State Company of Drug Industries and Medical Appliances, Samara, Iraq. Iralzin tablets (1 mg TFPH), SDI, Samara, Iraq and Stellallasil tablets (5 mg TFPH), Kahira Pharm, Cairo, Egypt were purchased from local pharmacies. The stock solution of 0.1 M TFPH was prepared by dissolving an appropriate amount of TFPH in 100 mL of deionized water. A standard TFPH solution (1 × 10 -2 to 1 × 10 -6 M) were prepared by diluting the appropriate amount in deionized water. Stock solutions of 0.1 M for each of LiCl, NaCl, KCl, MgCl2, CaCl2, Co(NO3)2, Ni(NO3)2, Cu(NO3)2, AlCl3, CrCl3, FeCl3, glucose and fructose were prepared. Other diluted solutions were prepared by subsequent dilutions of the stock solutions.
Potentiometric Sensors for the Determination of Trifluoperazine

Apparatus
Electrochemical measurements were made using an Orion digital ionanalyzer (Model-701A) at 25 C in conjunction with a ceramic junction calomel electrode. The electrochemical cell assembly used for this study was as follows: Ag/AgCl|internal solution (0.01 M) of TFPH|PVC membrane|sample solution| Hg/Hg2Cl2, KCl (sat'd).
Sample preparation
A homogenized powder was prepared from ten accurately weighed TFPH tablets. An appropriate amount of this powder was dissolved in doubly deionized water in a 100-mL Erlenmeyer flask. Dissolution of the drug was assisted by means of a magnetic stirrer and by an ultrasonic bath. The mixture was then filtered and made up to the mark with water in a 100-mL volumetric flask while, keeping the pH constant at 4.0. Different volumes of the stock solution were taken and subjected to the direct and standard-addition methods.
Preparation of ion-pairs
Upon the addition of 25 mL of 1 × 10 -2 M of TFPH solution to 50 mL of 1 × 10 -2 M NaTPB or 75 mL of 1 × 10 -2 M TFPH to 25 mL each of PTA or PMA, a white or grey or green precipitate of TFP-TPB or TFP-PTA or TFP-PMA was formed, respectively. The precipitate was filtered through Whatman filter paper No. 42, and washed with deionized water until no chloride ion was detected in the washing solution. The precipitate was dried at room temperature and ground to a fine powder in a mortar.
Construction of trifluoperazine membrane electrodes
Membranes were prepared by dissolving 11 mg of the prepared ion-pair complexes, 165 mg PVC and 374 mg of DBPH or TBP in 5 mL THF. This solution was poured into glass Petri dishes (5 cm diameter), and was allowed to evaporate overnight at room temperature. The thickness of the obtained membrane was about 0.3 mm. Membranes (10 mm diameter) were cut out and glued to the polished end of PVC tubes by means of a PVC-THF solution. The electrode bodies consisted of a glass tube, to which the PVC tube was attached at one end and filled with an internal solution (1 × 10 -2 M of TFPH). The membrane was conditioned by immersing in a 1 × 10 -2 M TFPH solution for 3 h before measurements.
General procedure
The electrodes were calibrated by transferring 20 mL aliquots of 1 × 10 -6 -1 × 10 -1 M aqueous solutions of TFPH to 50 mL beakers, followed by immersing the TFP-electrode, together with a calomel reference electrode in the solution. The potential readings were recorded after stabilization to ±0.3 mV, and the e.m.f. was plotted as a function of the logarithm of the TFP concentration. The calibration graph was used for subsequent determinations of unknown TFP concentrations.
Results and Discussion
Composition of the membrane The membrane composition was studied by varying the percentages (w/w) of the ion-pair (TFP-PTA) and plasticizer (DBPH). The amount of PVC was kept constant (30% w/w) until the optimum composition exhibiting the best linear responses was obtained. This composition is given in Table 1. For all constructed electrodes, the percentage of ion-pair ranging between 1 and 2% was found to offer better slopes and correlation coefficients, in agreement with literature data. 10, 16, 17 The results obtained with 2% ion-pair content (PTA or PMA or TPB) for the two plasticizers are summarized in Table 2 . The limit of detection was estimated by the IUPAC recommendations. 18 The electrodes exhibit comparable linear ranges and limits of detection.
Influence of a plasticizer and a sensing component
Six trifluoperazine electrodes with different electroactive materials were constructed in order to compare their performances. Three commonly used reagents namely PTA, PMA and NaTPB, were investigated as possible counter ions for the preparation of an electroactive complex of TFP. The obtained ion-pairs were evaluated with two plasticizers, namely DBPH and TBP. The plasticizers ensured the mobility of the free and complexed ionophores, set the dielectric constant and provided a suitable mechanical property of the membrane. 19, 20 All electrodes exhibited near Nernstian responses and no significant differences in the linear range and the limit of detection. However, electrodes A -C are preferred, because they offered better lifetimes compared to electrodes D -F based on the use of TBP as a plasticizing solvent. This is probably due to the fact that DBPH is less polar, and has a higher viscosity than TBP, 21 which make it more suitable for the trifluoperazine selective membrane electrode. Thus, all further studies were conducted using DBPH as the plasticizer.
Effect of the internal solution
The influence of the concentration of the internal filling solution (IFS) on the potential response of the TFP selective membrane electrode (electrode A (TFP-PTA-DBPH)) was studied. The TFPH concentration was changed from 1 × 10 -4 to 1 × 10 -1 M. It was found that the variation in the concentration of the internal solution caused a difference in the potential response and the slope, as shown in Table 3 . The exact reason for this behavior is not known, but is believed to be due to liquid junction effects.
A 1 × 10 -2 M IFS gives a better slope (28.44 mV decade -1 ), which is near to the Nernstian behavior (29.5 mV decade -1 ). Therefore, a concentration of 1 × 10 -2 M, was selected as the internal filling solution for all electrodes.
Effect of soaking
Freshly prepared electrodes must be soaked to activate the surface of the membrane to form an infinitesimally thin gel layer for ion-exchange process to occur. 22 This preconditioning process requires different times, depending on the diffusion and equilibration at the electrode test solution interface. A fast establishment of equilibrium is certainly a condition for a fast potential response. Thus, the performance characteristic of the TFP electrode was investigated as a function of the soaking time. For this purpose the electrode was soaked in a 1 × 10 -2 M solution of TFPH at room temperature. It was found that continuous soaking longer than 20 h negatively effected the response of the electrode, due to leaching of the active ingredients (ion-pair and plasticizer) to the bathing solution. The optimum soaking time was found to be 3 h. The electrode should be kept dry in an opaque closed vessel and stored in a refrigerator while not in use.
The effect of pH
The effect of the pH of the test solution on the electrode potential was also studied. The variation in the potential with pH changes was followed by the addition of small volumes of HCl and NaOH (0.1 -0.01 M) to the test solution (1 × 10 -2 , 1 × 10 -3 and 1 × 10 -4 M ) of TFPH. For each pH value, the potential was recorded, and thus potential-pH curves for the three TFPH concentrations were constructed; the results are shown in Fig. 2 . The potentials were found to be independent of the pH from 3 to 6, and in this range the electrodes can be used for TFP determination without any pH adjustments. The decrease in mV reading at pH <3 may be due to the interference of hydronium ion and the penetration of H3O + into the membrane surface, or a gradual increase of the protonated species. 23, 24 At higher pH values (pH >6), free base precipitated in the test solution, and consequently the concentration of the unprotonated species gradually increased. As a result, lower e.m.f readings were recorded. The decrease in the potential readings at pH >6, on the other hand, can be probably attributed to the penetration of OH -ions into the gel layer of the membrane. 24 
Calibration graphs
Using the optimized membrane composition and conditions described above, the potentiometric response of the electrode was studied based on the TFP concentration in the range of 1 × 10 -6 to 1 × 10 -1 M. The calibration curves for electrodes A and B containing TFP-PTA or TFP-PMA as an ion-exchanger, respectively, and DBPH as a plasticizer gave an excellent linear response from 1 × 10 -5 to 1 × 10 -2 M, as shown in Fig. 3 . The applicable measuring range of electrode C based on TFP-TPB as ion-pair and DBPH as a plasticizer is between 5 × 10 -5 to 1 × 10 -2 M. The results given in Table 4 show the characteristics performance of the TFP membrane electrodes. The least-squares equation obtained from the calibration data is as follows:
where E is the potential and S the slope of the electrodes.
Response time
The time required for the electrodes to reach steady potential values, after immersion of the electrode in different concentrations ranging from 1 10 -5 -1 × 10 -2 M of TFPH solutions was studied. The average time was found to be short, ranging from 15 s for concentration ≥1 × 10 -4 M, to 35 s for a 1 × 10 -5 M solution.
Lifetime
The electrode lifetime was investigated by making calibration curves and periodically testing a standard solution of 1 × 10 -5 to 1 × 10 -2 M of TFPH, and calculating the response slope. Electrode A was found to have an operative life of more than one month, with the slope ranging from 28.44 to 30.3 mV decade -1 and a linear concentration range from 1 × 10 -5 to 1 × 10 -2 M. Electrode B exhibited good stability in terms of slopes of 32.11 to 33.23 mV decade -1 in the linear domain of concentration from 1 × 10 -5 to 1 × 10 -2 M. This electrode can be used continuously for about one month. The lifetime of electrode C was about 7 days with a linear concentration from 5 × 10 -5 to 1 × 10 -2 M. Two changes were observed. Firstly, a slight gradual decrease in the slope (from 30.65 to 28.83 mV decade -1 ) was found, and secondly an increase in the detection limit (from 4.3 × 10 -5 to 5.4 × 10 -5 M) was noted. It was found that an electrode with NaTPB as an ion-exchanger lost its initial response gradually after one week. This is because the measurements were made in acidic solutions, and TPB is instable in such media.
14 However, the electrodes with PTA and PMA as ion-exchangers could be used for about one month without any considerable decrease in the slope value.
Selectivity of electrodes
The selectivity of the ion-pair associates based membrane electrode depends on the selectivity of the ion-exchange process at the membrane-test solution interface and the mobilities of the respective ions within the membrane, and on hydrophobic interactions between the primary ion and the organic membrane. 18 The selectivity coefficients were determined by a separate solution method, 18, 25 in which the following equation was applied:
where K pot A,B is the potentiometric selectivity coefficient, EA and EB are the potential readings of TFPH and interfering ions, respectively, aA is the activity or concentration of TFPH. ZA and ZB are the charge of TFPH and interfering ions, respectively and S is the slope of the calibration graph (mV decade -1 ). 3+ and sugars (glucose, fructose) on the electrode response was investigated. The selectivity of the electrodes was measured by a separate solution method at the same concentration of TFPH and the interfering ion (1 × 10 -3 M each). The selectivity coefficients obtained by this method showed that there are no significant interferences from the cations, which is attributed to differences in their mobilites and permeabilities, as compared with TFPH. Also, it can be noticed from Table 5 that the selectivity coefficient values for mono-valent cations are higher than those of the diand tri-valent cations. The values may be due to differences in the ionic size, mobility and permeability; the order of the selectivity is: mono-valent > di-valent > tri-valent cations. In the case of sugars, the high selectivity is mainly attributed to a difference in the polarity and lipophilic character of their molecules relative to TFPH.
Analytical applications
The TFP membrane electrodes were used for the determination of TFP in pharmaceutical preparations using both direct and standard-addition methods. The direct method is the simplest for obtaining quantitative results. A calibration graph was constructed and the concentration of the unknown was calculated from the linear equation of the calibration curve. Direct determinations of TFP in tablets were carried out using the developed membrane electrodes (TFP-PTA or TFP-PMA or TFP-TPB); the results are summarized in Table 6 . The content of drug in its formulation are in good agreement with the declared amount. The standard-addition method was applied by adding a small portion (0.1 mL) of a 0.1 M standard TFPH solution to 10 mL of various formulation drug concentrations (5 × 10 -5 to 1 × 10 -3 M). The change in the potential reading (at a constant temperature of 25 C) was recorded after each addition, and was used to calculate the concentration of TFPH by the following equation: where Cx and Vx are the concentration and the volume of an unknown sample, respectively; Cs and Vs are the concentration and the volume of the standard, respectively. S is the slope of the calibration graph (mV decade -1 ), and ΔE is the change in the potential (mV). Thus, the determination of the concentration depends mainly on ΔE; hence, to obtain a noticeable ΔE, are needs to prepare a higher concentration of the standard. Results of the standard-addition method are given in Table 6 . Electrodes A and B based on PTA or PMA as an electroactive complex of TFP and DBPH as a plasticizer were the best electrodes in analyses of the tablets of TFPH, since electrodes A and B have RSD% (0.422 and 0.398) for a concentration of 1 × 10 -3 M, respectively, indicating that they have better precision than electrode C, which was based on TPB.
Conclusions
PVC membranes containing three ion-pair complexes of TFP were developed. Sensors based on TFP-PTA or TFP-PMA seem to be better than the TFP-TPB with respect to the calibration, slope and accuracy. The application of the electrode to the determination of TFP in pharmaceutical preparations is characterized by a high degree of precision and accuracy. The use of the proposed electrodes offers an advantages of fast response, elimination of any sample pretreatment or separation steps, acceptable detection limit and the direct determination of the drug in turbid or colored solutions. They can therefore be used for the routine analysis of the drug in quality-control laboratories. 
